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A top nozzle subassembly having a hold-down 
device incorporated therewithin is provided for a 
nuclear reactor fuel assembly. The subassembly 
is slidably mounted on the upper ends of the 
control rod guide thimbles and is removably 
attached by internally threaded collars which 
threadably mate with external threads provided 
on the upper ends of the guide thimbles. 
Unthreading of the collars allows the 
subassembly to be removed from the fuel 
assembly to gain top access to the fuel rods 
within the fuel assembly. The invention also 
includes a special tool for threading and 
unthreading of the collars. 




Data supplied from the esp@cenet database - Worldwide 
http://v3 .espacenet.com/textdoc?DB=EPODOC&IDX=EP0 1 47 1 83&F=0 



3/20/06 



JEuropaisches Patentamt 
European Patent Office (H) Publication number: 0 147 183 

Office europeen des brevets "^^i^ 



® EUROPEAN PATENT APPLICATION 

@ Appficatlon number: 84308939.2. (sj) IntCI/: G 21 C 3/32 

(22) Date of filing: 20.12.84 



® Priority: 21.12.83 US 564058 

® Date of publication of application: 
03.07.85 Bulletin -85727 =.'.r. , 

@ Designated Contracting States: 
BE DE FR GB IT SE 



® Applicant: WESTINGHOUSE ELECTRIC CORPORATION 
Westinghouse Building Gateway Center 
Pittsburgh Pennsylvania 15235(US) 

(2) Inventor: Wilson, John Francis * 
3560 Meadowgate Drive 
Murrysville PennsylvanladJS) 

@ Inventor: CernI, Samuel 
101 King's Dale Road 
Pittsburgh Pennsylvania(US) 

@ Inventor: GJertsen, Robert Kenneth 
126 Penn Lear Drive 
IVIonroeville Pennsylvania{US) 

@ Representative: van Berlyn, Ronald Gilbert 
23, Centre HeighU 
London, NW36JG(GB) 



< 

CO 
00 



@ Removable top nozzle and tool for a nuclear reactor fuel assembly. 
@ A top nozzle subassembly having a hold-down device' 
incorporated therewlthfn is provided for a nuclear reactor 
fuel assembly. The subassembly is slldabty mounted on the 
upper ends of the control rod guide thimbles and is 
removably attached by internally threaded collars which 
threadably mate with external threads provided on the upper " 
ends of the guide thimbles. Unthreading of the collars allows 
the subassembly to be removed from the fuel assembly to 
gain top access to the fuel rods within the fuel assembly. The 
invention also includes a special tool for threading and 
unthreading of the collars. 
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REMOVABLE TOP NOZZLE AND TOOL FOR A 
NUCLEAR REACTOR FUEL ASSEMBLY 

The present invention relates generally to fuel 
assemblies for nuclear reactors and^ more particularly, is 
directed to a top nozzle subassembly having hold-down means 
incorporated therewithin and which is removably mounted on 
the upper end portions of its control rod guide thimbles. 

In most nuclear reactors the core portion is 
comprised of a large number of elongated fuel elements or 
rods grouped in and supported by frame works referred to as 
fuel assemblies- The fuel assemblies are generally elon- 
gated and receive support and alignment from upper and 
lower transversely extending core support plates. These 
upper and lower core support plates are directly or indi- 
rectly attached to a support barrel which surrounds the 
entire core and extends between the ends thereof. In the 
most common configuration, the axis of the core support 
barrel extends vertically and the various fuel assemblies 
are also arranged vertically resting on the lower support 
plate- To facilitate handling and installation, the fuel 
assemblies are generally not secured to the lower core 
support plate. 

Temperatures at various times within the core may 
vary greatly, such as, from cold shutdown to normal operat- 
ing conditions. It is also a well known fact that differ- 
ent materials exhibit different thermal growth character- 
istics. Therefore, since the materials used in the 
vertically extending support structures of the fuel 
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assemblies are generally different than those used in the 
core support barrel, the thermal expansion of these various 
members in the axial or vertical direction may be quite 
significant, particularly, at the high temperatures found 
5 within the core and the axial length of some of the mem- 
bers* For these reasons, the fuel assemblies are not 
usually attached to the upper and lower core plates but 
rather are supported in a manner which permits some rela- 
tive motion therebetween. l&e axial thermal expansibif^ 

10 differential between the fuel assemblies and the * core 
support barrel has been accommodated by insuring that the 
axial spacing between the upper ' and lower core support 
plates is somewhat greater than the axial length', of the^ 
fuel assemblies. Normally, this is accomplished by provid- 

15 ing an axial gap between the top of the fuel assemblies and 
the upper core support plate. 'Over the years, the axial 
gap spacing had to be increaseoL due . to the increasingT 
temperatures in the core region, the increased length and 
different construction of the fuel assemblies, as well as 

20 from the use of different materials^ such as Zircaloy. 
This axial gap spacing not only re<^ires critical design 
■ tolerances and precise positioning of the upper core plate 
over the fuel assemblies, but also, as felt by many design- 
ers, permits crossflow of the upwardly flowing coolant in 

25 • this upper region, subjecting some 'of . the core elements to 
a potentially damaging sideload. - • 

Generally, in most reactors, a fluid coolant such 
as water, is directed upwardly through apertures in the 
lower cor<B^ sappbrf'plate and along "this fuel rods of the 

30 various fuel assemblies to receive- the thermal energy 
therefrom. The physical configuration of the fuel . assem- 
• blies is such that the coolant may experience a significant 
- pressure drop* in passing upwardly through the core region. 
This pressure drop necessarily produces a lifting force on 

35 the fuel assemblies. In some instances, the weight of the 
' fuel assembly is sufficient to overcome, the upward hydrau- 
" lie lifting forces under all operating conditions; however, • 
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this is often not the case, particularly when the coolant 
density is high/ as at reactor startup, and additionally 
because of ' increasing coolant flow rates. When the hydrau- 
lic forces in the upward .direction .on a particularly fuel 
assembly are greater than the weight of that fuel assembly, 
the net resultant force on the fuel assembly will be in the 
upward direction, causing the assembly to move upward into 
contact with the upper core plate. This upward motion of 
the fuel assembly, if uncontrolled, may result in damage to 
the fuel assembly and the fuel rods or to the upper core 
plate and must, therefore, avoided- In order to prevent 
hydraulic lifting of the fuel assemblies, various hold-down 
devices have been developed. 

One such hold-down device, as seen in U.S. Patent 
No. 3,379,619, employs the use of leaf springs. The leaf 
springs are disposed in the axial gap, between the top of 
the fuel assembly and the upper core plate, which has been 
provided to accommodate for the thermal expansion of the 
fuel assembly. More particularly, the leaf springs are 
attached to the top flange of an enclosure structure having 
upstanding sidewalls and a bottom adapter plate, with the 
adapter plate being attached to the upper ends of the 
control rod guide thimbles.. The leaf springs are held in a 
state .of compression within _the axial gap and cooperate 
with the upper core plate to prevent the fuel assembly from 
being moved upwardly, ' by the hydraulic lifting forces of 
the -c-ffolant; into damaging contact with the core plate, 
while, at the same time, allowing for . thermal expansion of 
the fuel assembly into the axial gap. The integrally 
formed top flange on the enclosure not only provides a 
- physical location for mounting the leaf springs, but also, 
provides a surface for alignment holes that interface with 
pins projecting down from. the upper, core plate. In addi- 
tion, the enclosure: provides convenient means for physi- 
cally handling the fuel assembly during installation and 
removal; protects the fuel assembly from side loading; and, 
one of its primary purposes, channels the fluid coolant 
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upwardly to prevent crossflow at the top portion of the 
fuel assembly. Although, the leaf spring hold-down device 
has many advantages, it necessitates the requirement of an 
axial gap to provide for thermal expansion, and further, 
5 requires physical space for mounting the leaf springs. In 
some fuel assemblies, especially in some of the more newer 
designs with different fuel rod arrangements and configu- 
rations, there is not sufficient physical space to mount 
the' leaf springs. 

10 Another type of hold-down device, such as the one 

shown in the Klumb- et al patent (U.S. Patent No. 
3,770,583), employs the use of coil springs. The device 
basically includes coil springs disposed about upright 
alignment posts having one end threadably secured to the 

15 top end plate of a fuel assembly^ which in turn, is mounted 
on the upper /ends' of the control ' ro'd "guifde tubes. A '* 
hold-down plate is slidably mounted on the alignment posts 
and the coil springs are interposed between the two plates. 
The upper ends of the alignment posts are radially enlarged 

20 to form shoulders for retaining the hold-dowh plate on the 
posts. In use, the coil springs bias the hold-down plate 
upwardly against a core alignment plate to provide a 
downward force on the fuel assembly. To accommodate for 
thermal expansion of the fuel^* assembly, it is mandatory""" 

25 that aligned clearance holes be provided in the upper core 
plate for upward movement of the enlarged shoulders of the 
alignment posts. Machining of such* clearance holes is not 
only costly, bSt ¥lso~wieakens the "iJpp^ cdte plate struc-'' ' 
ture. Furthermore, the arrangement lacks an enclosure 

30 structure to prevent crossflow of the coolant in the upper 
region of the fuel assembly. 

Two modified versions of- the coil spring 
hold-down device seen in the Klumb et al patent, can be 
seen in Figs. 3 and 3a of the Anthony patent (U.S. Patent 

35 No. 4,192,716), There version represented in Figure 3 is 
essentially the same as the Klumb et al device, with the 
difference being the provision of an axial gap between the 
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top of the fuel assembly and the upper core plate. The 
Figure 3a version also requires an axial gap spacing to 
accommodate for thermal expansion. Hydraulic lift is 
prevented by coil springs, seated in cavities in the upper 
core plate, that cooperate with an alignment pin arrange- 
ment. Both of these versions suffer from some of the same 
shortcomings as the Klumb et al device in addition to the 
disadvantages associated with an axial gap spacing. 

It is the principal object of the present inven- 
tion to provide a fuel assembly in which the fuel rods are 
replaceable in a relatively simple operation and a tool 
facilitating such operation. 

With this object in view, the present invention 
resides in a fuel assembly for a nuclear reactor including 
a bottom nozzle, a number of longitudinally extending 
control rod guide thimbles each attached with one end to 
the bottom nozzle and projecting therefrom, a plurality of 
transverse grids axially spaced along said thimbles for 
supporting an array of parallel fuel rods, and a top nozzle 
assembly removably mounted on the other end of each guide 
thimble for obtaining access to said fuel rods upon removal 
of said top nozzle assembly, said top nozzle assembly 
comprising a lower adapter plate having guide thimble holes 
slidably receiving said guide thimbles; a retainer mounted 
on each guide thimble for restably supporting and limiting 
the downward movement of said adapter plate; an upper 
hold-down plate having guide thimble passageways with an 
internal ledge for receiving said thimbles so as to mount 
said hold-plate on said thimbles for slidable movement 
therealong; spring means interposed between said upper 
hold-down plate and said lower adapter plate for biasing 
said hold-down plate upwardly whereby any downward force 
thereon is yieldably transmitted to said fuel assembly; 
characterized in that said guide thimbles have external . 
threads thereon; and a collar disposed within said passage- 
way is threaded onto each thimble so as to retain said hold 
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down plate when sreated on said collar by said spring means 
for mounting of said assembly on said guide thimble. 

The arrangement is such that the fuel assembly 
can be placed in the core region with its top surface in 
5 direct contact with the upper core plate and thereby 
eliminating the potential of coolant crossflow in the axial 
gap spacing required by some of the prior art units and the 
provision of costly machined cavities in the upper core 
plate to accommodate for thermal expansion in other ones of 

10 the prior art units. The top nozzle assembly is so at- 
tached on the upper end portions of the guide thimbles that 
it can be easily removed therefrom as a unit to gain access 
to the fuel rods underneath. 

The present invention further includes a tool 

15 specifically designed for connecting and disconnecting the 
collar on the upper end of the guide thimble. The tool 
comprises means for rotating the collar while at the same 
time preventing the guide thimble from rotating. The 
collar is threaded on and off the threaded end of the guide 

20 thimble by an elongated hollow tube with a peripheral riiti" 
at one of its* ends having engaging lugs mounted thereon 
which " are inserted into axial grooves provided in the 
collar. The thimble is prevented • from rotating by gripper 
means which includes fluid power means^ preferably in the* 

25 form of a hydraulic cylinder having a double actuated 
piston rod. A flange is mounted on the end of the piston 
rod and an expandable material^ such as polyurethane, is 
disposed adjacent the flange. When the piston rod i"s 
retracted, the flange axially compresses the material 

30 against the end of the cylinder, causing the material to 
expand radially outwardly to frictionally grip the inner 
wall of the thimble. 

The invention will become more readily apparent 
from the following description of a preferred embodiment 

35 thereof shown by way of example only',' in' the attached 
drawings 'in which: 
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Figure 1 is a partially sectioned elevational 
view, with parts being broken away for clarity, of a fuel 
assembly formed in accordance with ' the " principles of the 
present invention. 

Figure 2 is an enlarged top plan view bf the fuel 
assembly shown in Figure 1. 

Figure 3 is an enlarged sectional view, as taken 
along line 3-3 of Figure 2, of the top nozzle subassembly, 
being removed from the fuel assembly, showing the guide 
thimble extensions connected to the guide thimbles and with 
an upper core plate having a downwarding projecting align- 
ment prong, being represented by phantom lines ^ overlying 
the top nozzle subassembly to illustrate the mating rela- 
tionship of an alignment prong with the recesses formed in 
the corners of the top nozzle subassembly- 

Figure 4 is an enlajfged sectional view of the 
internally threaded collar being connected on the external- 
ly threaded upper end of the guide thimble, with one 
locking tab being bent over against the top surface of the 
collar. 

Figure 5 is a plan view of the collar connection 
as seen from line 5-5 of Figure 4, showing three locking 
tabs. 

Figure 6 is an elevational view of the collar 
connection, as s-een from line 6-6 of Figure 5, showing the 
axially extending grooves provided on the peripheral face 
of the collar and with a short section of the thimble 
extending above the fcollar and the locking tabs being in an 
upright position. 

Figure 7 is a diagrammatic representation' of the 
tool used for connecting and disconnecting the collar on 
the guide thimble, with the piston rod end of the gripper 
means being shown in its extended position for insertion 
into the guide thimble. ' 

Figure 8 is a sectional view, as taken along line 
8-8 of Figure 7, showing the lugs on the rotation means 
which engage the axial grooves on the collar. 
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Figure 9 is a cross- sectional view showing the 
lower portion of the connect/disconnect tool, being in 
operational engagement with the collar and with the piston 
rod retracted, compressing the expandable material to force 
it radially outwardly, to frictionally grip the inner wall 
of the guide thimble. 

In the following description, like reference 
characters designate, like or corresponding parts throughout 
the several views. Also, ..in the following description, it 
is to be understood that such terms as "forward", "rear- 
ward", "left", "right", "upwardly", "downwardly" and the 
like, are words of convenience and are not to be construed 
as limiting terms. 

Referring now to the drawings, and particularly 
15 to Figure 1^ there is' shown a partially sectioned eleva- 
tional view, with parts broken away for clarity, of a fuel 
assembly constructed in accordance with well known practic- 
es, indicated generally by the numeral .10, which incorpo- 
rates a preferred embodiment of the invention. 
^° f^el assembly 10 basically comprises a lower 

end structure or bottom nozzle 12 for supporting the 
assembly on the lower core plate (not shown) in the core 
region of a reactor (not shown); an organized array of 
longitudinally ^%xtending control rod guide "tiibes- or thim- 
25 bles 14 projecting upwardly from the bottom nozzle 12; a 
plurality of transverse grids 16 axially spaced along the 
guide thimbles 14; and a plurality of elongated fuel rods 
18 (only one of which being shown for clarity) transversely 
spaced and axially supported by the grids 16. It should be 
30 pointed out here that, in this embodiment, the lower ends 
of the elongated fuel rods 18 are shown being axially held 
and spaced above the bottom nozzle '12, however, they may be 
restably supported on the upper surface of the bottom 
nozzle 12. An instrumentation tube 20 is located at the 
center of the fuel assembly 10. Attached to the upper ends 
of the guide thimbles 14 is an end structure or top nozzle 
with hold-down means incorporated therewithin, generally 
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designated by the numeral 22, to form an integral assembly 
capable of being conventionally handled without damaging 
the assembly components. A detailed description of the top 
nozzle subassembly 22 will be provided later on in the 
specification. 

To form the fuel assembly 10, the transverse 
grids 16 are attached to the longitudinally extending guide 
thimbles 14 at predetermined axially spaced locations; the 
fuel rods 18 are inserted from below through the grids 16; 
the lower nozzle 12 is then suitably attached, such as by 
machine screws 24, to -the lower ends of the guide thimbles; 
and then the top nozzle subassembly 22 is attached to the 
upper end portions of the guide thimbles 14. To control 
the fission process, a plurality of control rods (not 
shown) are reciprocally movable in the control rod guide 
thimbles 14 of the fuel assembly 10. 

Before describing the top nozzle subassembly 22 
in detail, it should be noted that the fuel assembly 10 
depicted in the drawings is of the type having a square 
array (19 x 19) of fuel rods 18 with sixteen control rod 
guide thimbles 14 strategically arranged within the fuel 
rod array. Further/ rhe bottom nozzle 12 and likewise the 
top nozzle subassembly 22 are generally square in 
cross-section. In that the specific fuel assembly repre- 
sented in the drawings is for illustrational purposes only, 
it is to be understocsd that neither the shape of the 
nozzles, or the number and/or arrangement configuration of 
the fuel rods and guide thimbles are to be limiting, and 
that the invention xs equally applicable to different 
shapes and arrangement configurations than the ones shown. 

In the preferred embodiment, each of the control 
rod guide thimbles 14 have a separate guide thimble exten- 
;sion 26 connected to the upper end of the guide thimble 14 
in forming a normal extension to the guide thimble. The 
guide thimble extension 26, referred to hereafter as 
thimble extension, is coaxial, has a diameter of substan- 
tially the same size as the guide thimble 14, and 
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preferably is connected to the upper end of the guide 
thimble 14 by a suitable mechanical connection, such as, by 
bulge fitting which is well known in the art. In the 
alternative, the thimble extensions 26 may be. welded on the 
guide thimbles 14. in describing the top nozzle with 
hold-down means 22, reference will be made to the manner in 
which it is attached to the thimble extension 26, however, 
it can be appreciated that the top nozzle with hold-dowil 
means 22 could be' attached in the same manner directly to 
the upper ends of the thimbles 14 rather than the thimble 
extensions 26, and thus the principles of the invention are 
equally applicable to such an arrangement. 

As best seen in Figure 3, the top nozzle with 
hold-down means 22 (referred to hereinafter as a top nozzle 
subassembly for simplicity) includes a iower adapter plate 
28 and an upper hold-down plate 30. The lower adapter 
plate 28 is of conventional construction formed of a 
plurality of cross-laced bars (not shown) defining coolant 
flow openings (not shown) and is provided with a number of 
thruholes 32 corresponding to the number of thimble exten- 
sions 26. The holes 32 are of sufficient ' dimensional size 
and are positioned according to the arrangement of the 
thimble extensions 26 such that, the adapter plate 28 can be 
slidably mounted on the thimble extensions 25. To limit 
25 the dovmward slidable movement of the adapter plate 28 
along the thimble extensions 26, a suitable retainer, such 
as a ring 34 which encircles the thimble extension, is 
suitably fastened, by brazing or the like, to each of' the 
■thimble- extensions 26 at a predetermined location, axially 
spaced above the connection of the thimble extension 26 to 
the thimble 14. The upper hold-down plate 30 is of a 
thickness substantially greater than the. thickness of the 
lower adapter plate 28 and is provided with passageways 36 
for receiving the thimble extensions 26. Each passageway 
36 has a generally constant larger diameter upper segment 
and a generally constant smaller diameter lower segment, 
with the lower segment defining an internal ledge 38 and 
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being slidably engagable with the thimble extension 26. 
The height of the upper segment is substantially greater 
than the height of the lower segment of the passageway 36. 
The passageways 36 are formed in the hold-down plate 30 by 
a thrubore and a coaxial counterbore of a larger diameter 
than the diameter of the thrubore» the transition between 
the thrubore and the counterbore defining the internal 
ledge 38. As best seen in Figure 2, the hold-down plate 30 
is also provided with a number of relatively large coolant^ 
flow openings 40 and several smaller coolant flow openings 
42 positioned at predetermined locations about the plate. 

As seen in Figure 3, and best seen in Figures 4, 
5 and S, the upper end of each of the thimble extensions 2 6 
is provided with a retainer, preferably in the form of a 
collar 44 which encircles the end of the thimble extension 
and is disposed within the upper segment of the passageway 
36,* In the preferred embodiment, collar 44 is provided 
with internal screw threads 45 which threadably mate with 
external screw threads 45 provided on the upper end of 
thimble extension 26, The internal threads 45 have only 
"been provided on the upper portion of collar 44, the lower 
portion of collar 44 is unthreaded and of a slightly larger 
bore to provide an annular gap 47 allowing a small clear- 
ance between the collar and ' thimble extension. The 
unthreaded portion of the collar 44 serves to align the 
thimble extension and collar to minimize the possibility of 
cross threading of the connection. Locking tabs 49 have 
been provided to prevent loosening of the collar 44 from 
its threaded connection on thimble extension 26. Vertical 
cuts are made in the short section of the thimble exten- 
sion, which extends slightly above the top surface of the 
collar, to form the tabs 49 which are then bent over 
against the top surface of collar 44 to prevent relative 
rotation thereof. To unscrew the collar 44, the tabs 49 
are bent to an upright position, or, in the alternative, 
increased torque is applied to the collar to override the 
tabs. As noted in Figures 2 and 3, the outer diameter of 
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collar 44 is slightly less than the inner diameter of 
passageway 36 in hold-down plate 30 and thereby providing a 
close slidably fit of one relative to the other! Thus, in 
order to gain access to the collar for connection and 
disconnection, grooves 51 have been provided on the periph- 
eral face of the collar 44. Grooves 51 extend axially, 
preferably the full height of the collar^ and are circum- 
ferentially spaced (see Figs. 5 and 6). As can be appreci- 
ated, the abutting engagement of the upper surface of the 
internal ledge 38 of the hold-down plate passageway 36 with 
the. lower edge of the retainer collar 44 limits the upward 
slidable movement of the hold-down plate 30 along the 
thimble extensions 26. 

Again referring to Figure 3, the top nozzle 
subassembly 22 further includes a coil spring 48 disposed 
on each of the thimble extensions 26 and interposed between 
the lower surface of the upper hold-down plate 30 and the 
upper surface of the lower adapter plate 28. Preferably, 
the coil springs 48 are held in compression between the 
upper hold-down plate 30 and lower adapter plate 28 to 
preload the fuel assembly 10. For proper alignment of the 
coil springs 48 and to prevent them from contacting their 
respective thimble extension 26, a spring seat 50 is 
provided on .the lower end of each of the coil springs 48. 
The spring seats 50 set in recesses or counterbores provid- 
ed in the upper surface of the lower adapter plate 28. 
Each of the spring seats 50 have an inner integral upstand- 
ing flange that extends between the outer wail of the 
thimble extension 26 and the inner surface of the spring 
48. 

As best seen in Figures 2 and 3, the preferred 
embodiment of the top nozzle subassembly 22 further in- 
cludes upstanding sidewalls 52 formed on the peripheral 
edge of the lower adapter plate 28 in defining an enclosure 
(sometimes referred to as an envelope or can) that sur- 
rounds the thimble extensions 26 and their associated coil 
springs 48. As mentioned earlier in the specification, the 
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top nozzle subassembly 22 has a rectangular or square 
cross- sectional shape, and thus, it follows that the 
enclosure defined by the upstanding sidewalls 52 has a 
square cross-sectional shape. Preferably, the hold-down 
plate* 30 also has a square cross- sectional shape and is of 
a dimensional size slightly less than that of the enclosure 
52 so that the hold-down plate 30 can be received within 
the enclosure 52. In providing proper alignment and to 
facilitate the insertion of the hold-down plate into the 
enclosure 52, outwardly projecting alignment tabs 54 (see 
Figure 2) are provided on the peripheral edges of the 
hold-down plate 30 for mating or interfitting engagement 
with a corresponding number of axial ly extending guide 
channels 56 formed on the inner side of the sidewalls 52. 
Preferably, a pair of transversely spaced guide channels 56 
are provided on each of the four sidewalls of the enclosure 
52 such that one guide channel on one sidewall and another 
guide channel on an adjacent sidewall is associated with 
each of the four corners of the enclosure 52. 

In providing lateral support to the fuel assembly 
10, when placed in the core region of a reactor (not 
shown), a depression or recess 58 is formed in the lateral 
periphery of each of the* axial extending corners defined by 
the sidewalls 52 of the top nozzle subassembly 22. Prefer- 
ably, the recesses 58 are of a shape or configuration to 
slidably receive at least a portion of an alignment pin 60, 
such as the one represented in. phantom lines in Figure 3, 
that projects downwardly from an upper core plate 62 which 
overlies the fuel assembly 10. 

As shown in Figure 3, the top nozzle subassembly 
22 is attached to the upper end portions of thimbles 14 to 
form fuel assembly 10 as follows: The retainer rings 34 
are first mounted on the thimble extensions 26; the lower 
adapter plate 28 with its integrally formed sidewalls 
defining enclosure 52 is lowered down onto the extension 
thimbles 26, via the holes 32, and is supported on the top 
surface of the retainer rings 34; the spring seats 50 are 
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inserted over the thimble extensions and seated in the 
counterbore cavities provided in the top surface of the 
adapter plate 28; the coil springs 48 are then inserted 
over the thimble extensions 26 with their lower ends 
5 resting on the top of spring seats 50 and radially spaced 
from the thimble extension by the seat flange; then the 
upper hold-down plate 30, via passageways 36, is inserted 
onto the thimble extensions 26, being assisted by tabs 54 
mating with the guide channels 56; downward pressure is 
10 then applied to compress the springs (initially^ springs 48 
are in a freestanding- condition) to predetermined position 
wherein a desired spring compressive preload is attained 
(the span between the hold-down plate 30 upper surface and 
the adapter plate 28 lower surface is the control); collars 
15 44 are then inserted into the upper segments of passageways 
36 and threaded onto the upper externally threaded ends of 
the thimble extensions 26; the locking tabs 47 are bent 
over against the top surface of collars 44; and then the 
pressure is released whereupon the springs expand, forcing 
20 the hold-down plate 30 upwardly along the thimble exten- 
sions 26 to an axial location wherein the internal ledge 38 
abuts collar 44- As . seen, the coil springs 48 are held 
captive, in compres.sion, between the hold-down plate 30 and 
adapter plate 28 to preload the fuel assembly 10. 
25 Briefly, -while still referring to Figure 3, the 

operation of the fuel assembly 10 in response to thermal 
expansion and hydraulic lifting f orces • is as follows: As 
the guide thimble 14 and the thimble extensions 26 along 
therewith grow linearly, due to increased temperatures, the 
30 upper terminal end of the thimble extensions 26 with its 
attached collar 44 move upwardly within the upper segment 
of passageway 36, and as the temperature decreases and the 
• thimble and extension retract in length, the terminal end 
and collar move downwardly within the passageway (recipro- 
35 cal movement). Mow, with regards to hydraulic lifting, 
should the force of the upward coolant flow tend to exceed 
the weight of the assembly 10 and the preloaded force of 
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the coil springs 48, the adapter plate 28 tends to move 
upwardly, further biasing the spring 48 against the 
hold-down plate -30, resulting in a net downward force 
applied against the fuel assembly 10. 

Now turning to Figures 7, 8, and 9, the present 
, invention further includes a tool, being generally desig- 
nated by the numeral 64, specifically designed for connect- 
ing and disconnecting the collar 44 on the upper externally 
threaded end 46 of thimble extension 26, within the pas- 
sageway 36 of hold-down plate 30. Referring to Figure 7, 
which is a diagrammatic representation the tool 64 basical- 
ly comprises rotation means, generally indicated by the 
numeral 66, engagable with the collar 44 and operable to 
apply a torque to rotate the collar in one direction for 
connection and in an opposite direction for disconnection^ 
and gripper means, being indicated generally by the numeral 
68, disposed and partly housed within the rotation means 66 
for preventing rotation of the thimble extension 26 about 
its longitudinal axis during threading of collar 44 on and 
off the thimble extension. More particularly, as best seen 
in Figure 7, the rotation means 66 includes an elongated 
hollow tube 70 having a peripheral rim 72 mounted on the 
lower end of tube 70. Rim 72 has an outer diameter approx- 
imately equal to the outer diameter of the collar 44 in 
thus permitting the rim 72 to be inserted into the passage- 
way 36 of hold-down plate 30. Mounted to and projecting 
downwardly from the i-im 72 is a number of engaging lugs 74 
(also see Figure 8) adapted to be inserted into the axial 
grooves 51 of collar 44, The number * and circumferential 
spacing of lugs 74 correspond to the number and spacing of 
grooves 51. Bracket 76, on the upper end of elongated tube 
70, mounts a T-bar handle 78 for manual rotation of means 
66. 

Still referring to Figure 7, the gripper means • 
68., of tool 64, includes fluid power means, preferably in 
the form of. a hydraulic cylinder 80, of conventional 
construction, having an elongated body portion 82 and a 
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double actuated piston rod 84 operable between an extended 
position, as seen in Figure 8, and a retracted position, as 
seen in Figure 9. Mounted on the free terminal end of 
piston rod 84 is a radially extending flange 86 of an outer 
5 diameter substantially equal to the outer diameter of the 
body portion of the cylinder 80. -Supported on the piston 
rod 84 and interposed between the flange 86 and the lov/er 
end face of the body portion 82 is an expandable material 
'88, in the shape of a doughnut. Preferably, the expandable 
10 material 88 is polyurethane . A long extending handle 90/ 
having its lower end attached to the upper end face of body 
portion 82, is provided to support the hydraulic cylinder 
80 within the elongated hollow tube 70. Fluid lines 92 
interconnect the cylinder 80 to an external power source 
15 (not shown) for actuation of the piston rod 84 in a conven- 
tional manner. 

Briefly, the operation of the connect/disconnect 
tool 64 will be described in reference to Figure 9 wherein 
there is shown a cross-sectional view of the lower portion 
20 of tool 64 being in operational engagement with collar 44 
and thimble extension 26. As seen, the rotation means 66 
and gripper means 68 of tool 64 has been inserted into 
passageway 36 of hold-down plate 30 with rim- 72 of tube 70 
being disposed above the top surface of collar 44 and with 
25 the liigs 74 being engaged in the axially extending grooves 
51 of the collar, whereas, the lower section of body 
portion 82, the piston rod 84, flange 86 and expandable 
material 88 are disposed within the upper end portion of 
thimble extension 26. It will also be noted in this view 
30 that the piston rod 54 is shown in its retracted position 
whereby the material 88 has been axially compressed between 
the flange 86 and the lower end face of body portion 82, 
causing the material to expand radially outwardly to 
frictionally grip the inner wall of thimble extension 26. 
35 With the thimble extension 26 so held (frictionally 
gripped), the handle 78 of rotation means 66 is rotated in 
a counter-clockwise direction, applying torcpae to collar 44 
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to unloosen the threaded connection of external threads 46 
with internal threads 45. Obviously, for connection, handle 
78 is rotated in a clockwise direction for reverse torque 
to thread collar 44 on extension 26. As readily appreci- 
ated, the frictional engagement of material 83 holds the 
thimble extension stationary (prevents rotation) during 
this rotary connection/disconnection operation, and thereby 
prevents axial twisting of the thimble extension which is 
not only destructive to the extension itself, but also such 
twisting would destroy the connection of the thimble 
extension 26 with the guide thimble 14. Once the connec- 
tion or disconnection operation is complete, the piston rod 
84 is extended whereby the material 88 transforms back to 
its normal state (as seen in Figure 7) and the tool 64 is 
removed. After collar 44 has been connected as described, 
and with tool 64 removed^ locking tabs 47 are then bent 
over (as seen in Figure 5) to insure .that collar 44 does 
not become loosened due to vibration forces and the like. 
As mentioned earlier, for the disconnection operation, tabs 
47 could first be bent upright before the tool 64 is 
inserted, or, in the alternative, remain in their locking 
position and be overridden by rotating collar 44. 
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CLAIMS: 

!• A fuel assembly for a nuclear reactor includ- 
ing a bottom nozzle (12)^ a number of longitudinally 
extending control rod guide thimbles (14) each attached 
with one end to the bottom nozzle (12) and projecting 
5 therefrom, a plurality of transverse grids (16) axially 
spaced along said thimbles (14) for supporting an array of 
parallel fuel rods (18), and a top nozzle assembly (22) 
removably mounted on the other end of each guide thimble 
(14) for obtaining access to said fuel rods upon removal of 

10 said top nozzle assembly (22), said top nozzle assembly 
(22) comprising a lower adapter plate (28) having guide 
thimble holes (32) slidably receiving said guide thimbles 
(14); a retainer (34) mounted on each guide thimble (14) 
for restably supporting and limiting the dovmward movement 

15 of said adapter plate (28); an upper hold-down plate (30) 
having guide thimble passageways (3 6) with an -internal 
ledge (38) for receiving said thimbles (14) so as to mount 
said hold-down plate (30) on said thimbles (14) for slida- 
ble movement therealong; spring means (48) interposed 

20 between said upper hold-down plate (30) and said lower 
adapter plate (28) for biasing said hold-down plate (30) 
upwardly whereby any downward force thereon is yieldably 
transmitted to said fuel assembly; characterized in that 
said guide thimbles have external threads thereon; and a 

25 collar (44) disposed within said passageway (36) is thread- 
ed onto each thimble (14) so as to retain said hold-down 
plate (30) when seated on said collar (.44) by said spring 
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means (48) for mounting of said assembly on said gufde 
thimble (14). 

:■ ... 2. A fuel assembly according to claim 1, charac- 

terized in that a portion of the upper end of said guide 
. thimble which projects, above said collar is bent over into 
engagement with .said . collar (44) to prevent relative 
. rotation of said collar. (44) on said guide thimble (14). 

. 3. A fuel . assembly according to claim 1 -or 2 
characterized in . that ..said collar has a number of circum- 
ferentially .. equally spaced, axially extending grooves 
provided on its peripheral edge and adapted to receive a 
tool for engagement and rotation of saidcollar (44). 

4. A tool for engagement with the collar (aa) of 
a fuel assembly as claimed in claim 1, 2, or 3, character- 
ized by rotation means (66) engagable with said collar (44) 
and operable to apply a torque in one direction to thread 
collar (44) on said thimble (14) and in an opposite direc- 
tion to disengage said collar (44) from said thimble (14). 
and gripper means (68) adapter to be inserted into the 
upper end of said guide thimble (14) and operable to 
prevent said thimble (14) from rotating about its longitu- 
dinal axis as said rotation means (66) applies torque to 
said collar (44). 

5. A tool according to claim 4, characterized in 
that said rotation means (6.6) includes a longitudinally 
extending hollow tube (70) with a peripheral rim at one end 
and a plurality of downwardly projecting lugs (74) on said 
rxm (72) adapted ro be inserted into engagement with a 
corresponding number of axially extending grooves (51) 
provided on said collar (44). 

6. A tool according to claim 5, characterized in 
that said gripper means (68) is disposed within said hollow 
tube (70) with a portion thereof projecting outwardly 
beyond said rim (72) of said tube (70) when said gripper 
means (68) is inserted into said thimble (14). 

7. A tool- according to claim 4, 5, or 6, charac- 
terized in that said gripper means (68) includes: fluid 
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power means having an elongated body portion which houses a 
double actuated piston rod with a flange mounted on a free 
end of the piston rod; and an expandable material in the 
shape of a doughnut disposed on said rod adjacent said 
5 flange and adapted to be inserted along with said rod in 
its extended position into - the - upper end of said * guide 
thimble; said material, when axially compressed between 
said flange and said body portion as said rod is actuated 
to its retracted position, expanding radially outwardly in 
10 frictional engagement with the inner wall of said thimble 
(14) so as to prevent rotation thereof. 

8. A tool according to claim 7, characterized in 
that said expandable material is polyure thane. 
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@) Removable top nozzle and tool for a nuclear reactor fuel assembly. 

@ A top nozzle subassembly (22) having a hold-down 
device (30) incorporated therewithin is provided for a nu- 
clear reactor fuel assembly. The subassembly is slidably 
mounted on the upper ends of the control rod guide thimbles 
(14) and is removably attached by internally threaded col- 
lars (44) which threadably mate with external threads 
provided on the upper ends of the guide thimbles. Unthread- 
ing of the collars allows the subassembly to be removed 
from the fuel assembly to gain top access to the fuel rods 
within the fuel assembly. The invention also includes a 
special tool (60} for threading and unthreading of the collars. 
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